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NEAR-FIELLI M E A s ~ ~ S  USING DImCTIVE ANTENNAS 
J.  E. Hansen and F. Jensen 
Laboratory of Electromagnetic Theory 
The Technical University of Denmark 
Lyngby , Denmark. 
The problem of determining the far  f ie ld  of an antenna by 
computation when the   near - f ie ld   pa t te rn   i s   the  measured quantity 
has stimulated several investigations in recent years1-*. The 
importance of t he  problem rests mainly on the   f ac t   t ha t   t he  m i n i -  
mum distance required for a fa r - f ie ld  measurement of ten turns  
out t o  exceed the length of t he  measurement range available.  
determined t o  a given accuracy a t  any measurement distance by 
ment i s  made i s  suf f ic ien t ly  d i rec t ive .  A compressed  measure- 
d i rec t  measurement, provided the antenna with which the  measure- 
ment range which t i l i z e s  this technicue hes been described re- 
cently by Johnson 2 . 
In p r i n c i p l e ,   t h e   f a r f i e l d   p a t t e r n  of an antenna can be 
connection w i t h  subsequent computation fo r  determining the far-  
Application of a moderetely directive near-field probe i n  
f i e ld  pa t t e rn  has been reported by Brown and JU1l2. The theory 
in  app l i e s  t o  two-dimensional  antennas and makes use of cylin- 
d r i ca l  mode expansions of the  rad ia ted  f ie ld .  
t a t i o n   f o r   t h e  unknown f i e l d  has been considered by James and 
A three-dimensional method using a spherical mode represen- 
Longdon3. This method uses omnidirectional probes (short dipoles 
and loops)  in  order  to  measure the near  f ie ld  direct ly ,  and i s  
based on the  knowledge of t he   r ad ia l  components of t h e   e l e c t r i c  
using spherical wave expansions in connection with measurement 
and magnetic near field. Near-field far-field transformations 
of t angen t i a l  e l ec t r i c  f i e lds  have been investigated by Ludwig6. 
In  this  paper ,  a far-f ie ld  predict ion method i s  presented 
1) is assumed. Th is  i s  specified through the (lsaokn) expansion 
i n  which a measuring antenna of arbitrary directivity (B i n   f i g .  
The unknown antenna A (not shown) i s  centered at 0 and described 
of its f i e ld  in to  sphe r i ca l  vec to r rave  fbc t ions  cen te red  a t  0 ' .  
in terms of spherical  modes with the unknown coefficients am and 
bm. 
The theore t ica l   der iva t ion  is based on the Lorents recipro- 
c i t y  theorem 
(11 1 (G* x Kg - % x fIAI - a;; = 0 
S 
Here, (f E ) i s  t h e  f i e l d  which ex i s t s  vhen antenna A is used as A' A 
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a transmitting antenne and 3 is receiving. This field consists 
The f i e l d  trar.sm<tted i n  t h e  waveguide behind E. 3 )  The f i e l d  
of the fol loving three par ts :  1) The f ie ld  inc ider f  on B. 2 )  
wi:en B i s  t r a c m i t t i n g  a ? d  A i s  recelvlng. 
re f lec ted  frcm B. Similarly,  (ZB,I$! is t h e  f i e l d  w:Gch ex i s t s  
The surface of integration S i n  (1) i s  conposed of t h e  two 
guide of B. The t t d e  surfaces are assumed t o  be interconnected 
spherical surfaces S and S2 and e reference plane S in zhe we-Te- 
i n  a manner sui table  to  enclose the souce-free region between A 
and E. 
3 
/' - 
/ 
F:g. 1. Pcsiti0r.s  of  antenr-as A md B 
a d  s x f a c e s  cf integrafion S S S . 1' 2' 3 
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S yields the signal W(r,0,+) received by B Hhen A transmits.  
d e  contribution from S tends to  zero as  the radius  of S is ex- 
panded towards infinity: Calculation of the contribution from 
S2 i s  the  c ruc ia l  s tep  and involves application of the rather 
complicated translation and ro ta t ion  theorems for   the   spher ica l  
vector wave ~ c t i o n s 9 ~ l O .  
The cont r ibu t ion  to  (1) from the  waveguide reference plane 
1 
the following form 
The f i n a l  r e s u l t  upon inser t ion  in (11 i s  an equation of 
where -n 5 m 5 n, 1 5 n < -. The functions f,, and are  in- 
volved functions details  of which will be given m the paper. 
In  the  simple case where B i s  an x'-oriented short dipole eq.(2) 
s impl i f i e s  t o  
where E and 1 are  the ordinary spherical  vector  wave functions. 
The left-hand side of eq.(3) i s  simply the  8-component a t  ( r , e , + )  
of t h e   e l e c t r i c   n e a r   f i e l d  from A. 
sumed that  the lef t -hand s ide may be t runca ted   to  a f i n i t e  num- 
b e r  o f  t e r n ,  k. Thus, i f  W i s  measured a t  k different  posi t i -  
ons ( r , e , + ) ,  a system of k l inear equations in the k unknown co- 
e f f i c i en t s  am= and p i s  formed. Upon solution of t h i s  system 
t h e   f i e l d  f r o m  A i s  known everywhere. 
Equation ( 2 )  forms the  main r e su l t  of the paper. It i s  as- 
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